Introduction
The incidence of adenocarcinoma of the distal esophagus and gastroesophageal junction has substantially increased in Western populations in the previous decades. 1 In the absence of major improvements in treatment during these years, the number of deaths has also rapidly increased. Studies have suggested that esophageal adenocarcinoma (EAC) develops sequentially from gastroesophageal reflux (GERD), Barrett's esophagus (BE), low-grade dysplasia (LGD), and high-grade dysplasia (HGD) to EAC. The progression from BE to EAC is attributed to a series of genetic and epigenetic events. 2 Bile acid, acid reflux, and inflammation from GERD play important roles in the carcinogenesis of adenocarcinoma.
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Pang et al acid receptor 6 or TGR5. 7 TGR5 gene expression is widely distributed in the endocrine glands, adipocytes, muscles, immune organs, spinal cord, and the enteric nervous system. 5 It is important in bile acid-regulated lipid metabolism, energy homeostasis, and glucose metabolism. [8] [9] [10] TGR5 has recently been reported to have potential links between bile acids (BAs) and cancers. 5, 8, 11, 12 TGR5 has been implicated in the activation of carcinogenic pathways in gastric carcinoma cell lines. 13 TGR5 was also highly expressed in gastric intestinal-type adenocarcinomas and has been associated with decreased patient survival in gastric adenocarcinomas. 8 In colorectal adenocarcinoma and pancreatic ductal adenocarcinoma, TGR5 was also involved in colorectal cancer or pancreatic ductal adenocarcinoma tumorigenesis by blocking the activation of epidermal growth factor receptor (EGFR), a mitogen-activated protein kinase. 14 In the liver, TGR5 has been demonstrated to be overexpressed in human cholangiocarcinomas and may promote tumor development. 15 Controversially, another report demonstrated that TGR5 was a suppressor of human liver carcinogenesis. 16 The involvement of BAs in the progression from BE to adenocarcinoma is well established. [17] [18] [19] [20] However, few studies have investigated the implication of bile acid receptors in the development of BE disease and adenocarcinoma. 11, 21, [22] [23] [24] One in vitro study has indicated an association between TGR5 and the progression of esophageal carcinoma. 11 The authors demonstrated that bile acid induced TGR5 expression in EAC FLO cells and the BE BAR-T cell line. However, the distribution of TGR5 in EAC and precancerous lesions has not been investigated. In addition, the associations between TGR5 expression and patient prognosis and clinicopathologic features are unknown.
The vitamin D receptor (VDR) is a nuclear receptor that controls the most known role of 1,25 (OH) 2 D 3 , the hormonal form of vitamin D; it is also a bile acid receptor. Increasing evidence indicates that the VDR plays an essential role in innate immunity, inflammation, and cancer. [21] [22] [23] VDR polymorphisms are reported to influence the development of various types of cancers, such as breast, liver, prostate, brain, and colon. 24, 26 In our recent study, VDR protein was highly expressed in EAC and precancerous lesions. 27 However, the relationship between the VDR and TGR5 expression in EAC and precancerous lesions is not clear.
Our study aimed to investigate TGR5 amplification and expression, including 1) TGR5 amplification via high resolution DNA microarray; 2) the distribution of TGR5 expression in EAC, LGD and HGD, BE, columnar cell metaplasia (CM), and squamous epithelium (SE), 3) the relationships between TGR5 high expression and clinicopathologic characteristics, including gender, age, differentiation, and tumor stage in EAC; and 4) the relationship between TGR5 expression and the VDR in EAC and precancerous lesions.
Materials and methods
Construction of tissue microarray
Tissue microarrays, which included 35 cases of BE, 62 cases of columnar CM, 83 cases of SE, 18 cases of LGD, 11 cases of HGD, and 106 cases of EAC, were constructed from the representative areas of formalin-fixed specimens collected between 1997 and 2005 at the Department of Pathology and Laboratory Medicine, University of Rochester Medical Center/Strong Memorial Hospital, Rochester, New York. Five-micron sections were cut from the tissue microarrays and were stained with H&E to confirm the presence of the expected tissue histology within each tissue core. Additional sections were cut for immunohistochemistry. In some cases, tissue cores in the tissue microarrays were dislodged from the slides during processing and were excluded from the study. All tumor specimens were evaluated by a pathologist and were determined to be >70% tumor cell representation. The patients who received neoadjuvant therapy (1) and suffered perioperative deaths (3) were not included in the survival analyses. All the tissues from patients were consented for tissue banking and research.
Patients for tissue microarrays
Affymetrix SNP 6.0 analysis
Genomic DNA was isolated using the QiaAmp DNA mini kit (Qiagen, Valencia, CA, USA); 600 ng was used for labeling 
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TGR5 expression in esophageal adenocarcinoma and array hybridization at the SUNY Upstate Medical University microarray core facility (Syracuse, NY, USA) using kits and protocols provided by Affymetrix (Santa Clara, CA, USA). The array data quality was assessed using Affymetrix Genotyping Console 3.0, and all further data analyses were performed using Nexus 5.0 Copy Number Analysis software (Biodiscovery, Inc., El Segundo, CA, USA). The microarray data for this cohort have been submitted to the Gene Expression Omnibus (GSE36460) and are publically available at http://www.ncbi.nlm.nih.gov/geo/query/acc. cgi?acc=GSE36460.
Immunohistochemistry
Immunohistochemistry was conducted according to previously described methods with modifications. 28, 29 Tissue sections from the tissue microarray were deparaffinized, rehydrated through graded alcohols, and washed with phosphate buffered saline. Antigen retrieval for TGR5 and VDR was performed by heating sections in 10 mM citrate (pH 6.0) boiling buffer for 15 minutes. The tissues were permeabilized with 0.3% triton-X for 1 hour at room temperature. After the endogenous peroxidase activity was quenched and the nonspecific binding was blocked, the sections were incubated with mouse monoclonal anti-TGR5 and anti-VDR (Santa Cruz, CA, USA) at 4°C overnight. Biotinylated secondary antibody (Jackson Immuno Research Laboratories, Inc.) was incubated for 1 hour. After washing, the sections were incubated with avidinbiotin-peroxidase complex (Vector Laboratories) for 1 hour at room temperature. For color-reaction development, the slides were immersed in Vector NovaRed substrate (Vector Laboratories) for 2 minutes and counterstained with Flex Hematoxylin for 2 minutes. A negative control was performed by replacing anti-TGR5 and anti-VDR antibodies with normal serum.
Immunohistochemistry scoring
All sections were independently reviewed by Z.Z. and C.P., who were blinded to all clinical and pathologic information. Discordant cases were reviewed by both Z.Z. and C.P., and a final consensus was reached. For the TGR5 immunohistochemical stain, the percentage (0%-100%) of positive cells was determined. The intensity of TGR5 staining was graded as 0, 1+, 2+, or 3+ ( Figure 1 A-D); 0 was defined as no stain or weak stain in <10% of the cells; 1 was defined as a weak stain in ≥10% of the tumor cells; 2 was defined as a moderate stain in ≥10% of the cells; and 3 was defined as a strong stain in ≥10% of the cells. TGR5 high expression was defined as an intensity of 2 or 3 in ≥10% of the cells.
Statistical analysis
Summary data are expressed as the means (standard deviation). All statistical tests are two-sided unless otherwise noted. P-values of <0.05 are considered statistically significant. A Kaplan-Meier survival estimator with a log-rank test was used to compare the patient survival rates between the TGR5 high-expression/amplification group and the TGR5 nonhigh expression/nonamplification group. To assess the associations between the clinicopathologic characteristics and TGR5 expression, Students t-tests, Pearson's chi-square tests, and Fisher's exact tests were utilized as appropriate. A univariate logistic model with the diagnostic group as the sole explanatory variable of TGR5 high-expression is fit, and contrast tests are used to compare the TGR5 positivity rates between the diagnostic groups: adenocarcinoma, high and LGD, BE, columnar CM and SE. Statistical analyses were performed using SAS version 9.3 (SAS Institute, Inc., Cary, NC, USA). 2A-E  and Table 1 ). Statistically, the rate of TGR5 high expression was significantly increased in EAC, LGD, BE, and CM compared to SE (p<0.05; Table 2 ). TGR5 in SE exhibited a moderate high expression (score 2+) in most cases (Figure 2A ). In addition, the rate of TGR5 high expression in CM was increased compared to BE. However, if the small number of cases were considered with a Bonferroni correction, significant differences was only identified between EAC versus SE (p<0.0001) and CM versus SE (p<0.0001).
Ethics statement
Survival rate in EAC cases
A Kaplan-Meier analysis was used to calculate the survival curves of the TGR5 high and nonhigh expression groups.
A log-rank test was used to compare the effect of TGR5 expression on the survival rates of the patients with EAC. The median survival time in the TGR5 high-expression group, determined by immunostain, was 19 months with a mean survival time of 38 months (censoring rate=19%). The TGR5 nonhigh expression group had a median survival time of 32 months with a mean survival time of 46 months (censoring rate=35%). The log-rank test indicated that the survival time for the TGR5 high-expression group was statistically shorter compared to the TGR5 nonhigh expression group (p=0.0432, Figure 3 ). Note that the mean survival times of the TGR5 high-expression groups were underestimated because of censoring within the data and missing data.
Association of high TGR5 expression with clinicopathologic characteristics of EAC
The TGR5 high expression and the clinicopathologic features in EAC were analyzed. In contrast to the significant association between the survival time and TGR5 high expression previously described (p=0.0432), none of the other clinicopathologic characteristics, including age, gender, TNM staging, or differentiation, were significantly associated with TGR5 high expression ( Table 3) .
Association between high TGR5 expression and high VDR expression
We further compared the expression level of TGR5 with VDR data from our recently published study. 27 The correlation between TGR5 high expression and VDR high expression was analyzed across all cases and within each diagnostic group. There was a significantly positive correlation between VDR and TGR5 high expression across all groups (p=0.0001) using a Pearson correlation coefficient test (Table 4) . 
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Association between TGR5 high expression and gender
Males have a high incidence of EAC. 1 We analyzed the association of TGR5 high expression and gender in all groups including EAC and precancerous lesions. We identified a significant overall association between TGR5 high expression and gender (p=0.0464). The odds of TGR5 high expression were 1.9 times higher in the males (67%) compared to the females (51%). However, there was no significant association between TGR5 high expression and precancerous lesions in EAC group only (Table 3) .
Defining the TGR5 amplicon in EAC with high density microarrays
Using high density copy number microarrays, we analyzed 116 EAC specimens and identified TRG 5 amplification in 12.7% (14/116) of the cases. TGR5 lies in a 1.7 Mb minimal amplicon at 2q35, which contains 85 genes ( Figure 4A ). In this cohort, no significant association was identified between TGR5 amplification and overall survival (p=0.33) ( Figure 4B ) or disease-free survival (p=0.45).
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Pang et al exhibited significantly worse overall survival compared to the patients with nonhigh expression. TGR5 expression was significantly increased in males compared to females in all cases with an odds ratio of 1.9 times. The TGR5 receptor is the first known GPCR specific for BAs. Maruyam et al 6 cloned the TGR5 receptor in human embryonic kidney HEK 293 cells and characterized the variations in the binding affinities of individual BAs to TGR5. These findings were confirmed by studies in Chinese Hamster ovarian cells by Kawamata et al. 7 Recently, Hong et al demonstrated that the TGR5 messenger RNA (mRNA) and protein were expressed in an EAC cell line and BE cell line as well as human esophageal tissues.
11 TGR5 mRNA and protein levels are significantly higher in EAC tissues than in normal esophageal mucosa or BE. 11 Our immunohistochemical findings further confirmed that TGR5 was highly expressed in EAC and precancerous lesions based on tissue microarrays. However, the distribution of TGR5 high expression in our study is different from that in previous study. We found that it is not significantly different from CM, BE, LGD, HGD, and EAC. In gastric adenocarcinoma, TGR5 overexpression was found in 52% of the intestinal subtype and 25% of the diffuse subtype of gastric adenocarcinoma.
8 TGR5 was also expressed in normal mucosa (39.8%) and intestinal metaplasia (46.3%). Our findings indicated that the rate of TGR5 high expression was substantially increased in EAC (71%) compared to gastric adenocarcinoma. A similar increased expression of TGR5 was identified in precancerous lesions, such as columnar CM (84%) and BE (66%).
BAs play an important role in the carcinogenesis of EAC. 3, 4, 17, 30 Multiple bile acid receptors, such as farnesoid X receptor (FXR), VDR, and TGR5, have been detected in EAC and precancerous lesions. [31] [32] [33] [34] Gottardi et al demonstrated that the FXR protein was only expressed in nuclei in EAC and BE. 31 We demonstrated that VDR expression was significantly increased in 95% of BE and 100% of LGD compared to 79% of EAC. 27 In the current study, we reported that TGR5 exhibited high expression in CM, BE, LGD, and HGD and lower expression in EAC. The distribution pattern of TGR5 expression is significantly associated with VDR in EAC and precancerous lesions. This finding implies that bile acid may be involved in the early stage of carcinogenesis through both VDR and TGR5 receptors. However, Hong et al found that TGR5 mRNA and protein levels were significantly higher in EAC tissues than in normal esophageal mucosa or BE, 11 but TGR5 expression is not significantly different from intestinal metaplasia and gastric adenocarcinoma reported Abbreviations: SD, standard deviation; GEJ, gastroesophageal junction; TGR5, the G-protein coupled bile acid receptor. 
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TGR5 expression in esophageal adenocarcinoma in the same group. 8 The effect of TGR5 needs to be further studied in different cancers.
The mechanism of TGR5 on carcinogenesis actually remains controversial. In the liver, TGR5 activation substantially inhibited the proliferation and migration of human liver cancer cells. TGR5 activation antagonizes the signal transducer and activator of transcription 3 (STAT3) pathway by suppressing STAT3 phosphorylation, which suggests that TGR5 is a novel liver tumor suppressor. 16 In the stomach, activation of TGR5 antagonizes gastric cancer proliferation and migration in part by inhibiting STAT3 signaling 35 and inhibits the gastric inflammation in part by antagonizing NK-kappaB signaling. 36 In the stomach and esophagus, Cao et al demonstrated that BAs significantly increased cell proliferation, including NOX5-S expression, H 2 O 2 production, and thymidine incorporation, in EAC, BE cell lines, and gastric adenocarcinoma. 8, 11 Knockdown of TGR5 substantially inhibited the bile acid-induced increase in the cell proliferation effect. The overexpression of TGR5 significantly enhanced the bile acid effects in EAC cell lines through the G qα protein and in gastric adenocarcinoma through both G qα protein and G αi-3 . 8, 11 In addition, unconjugated BAs induce cAMP response element-binding protein and AP-1-dependent COX-2 expression in BE and EAC through respiratory oxygen species (ROS)-mediated activation of phosphoinositide 3-kinase/AKT and extracellular signalregulated kinases (ERK)1/2 37 and deoxycholate acid (DCA) also induce caudal-related homeobox transcription factor 2 (CDX2) upregulation through inhibiting the Notch signaling pathway and transactivation of EGFR. 19, 30 Using AGS human submit your manuscript | www.dovepress.com
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Pang et al gastric adenocarcinoma cells, DCA-induced EGFR-ERK1/2 activation was blocked by siRNA silencing of TGR5. 13 In colorectal cancer and pancreatic ductal adenocarcinoma cell lines, RNA interference-mediated silencing of TGR5 inhibited DCA-induced EGFR, mitogen-activated protein kinase (MARK), and STAT3 signaling, blunted cyclin D1 expression and cell-cycle progression, 14 which support that TGR5 may play an important role in gastrointestinal carcinogenesis. In the current study, we demonstrated the high expression of TGR5 in the EAC and precancerous lesions and the association of TGR5 with decreased survival, which further supports that the TGR5 high expression may be related to carcinogenesis and worse prognosis of EAC.
In gastric adenocarcinoma, moderate and strong expression of TGR5 was identified in both intestinal and diffuse gastric adenocarcinoma, which was associated with a worse prognosis. 8 In our study, the high expression of TGR5 is associated with a worse prognosis in EAC (median survival: 38 vs 46 months, respectively). However, the amplification of the TGR5 gene in EAC was not associated with overall survival or disease-free survival. We found that the percentage of the TGR5 DNA amplification (12%) in EAC is significantly lower compared to TGR5 high expression (71%). It implies that TGR5 high expression does not directly depend on the amplification of TGR5 DNA. The detailed mechanism requires further investigation. The amplification of the VDR gene in EAC detected by high resolution DNA microarray demonstrated the association with a worse prognosis; however, the high expression of VDR protein did not exhibit the association. These findings imply that the effect of bile acid is not only associated with the early carcinogenesis of EAC but also the prognosis of EAC through various receptors. However, we did not find that TGR5 high expression was associated with clinicopathologic features such as the differentiation or staging, which is similar to the previous study in gastric adenocarcinoma. There was no statistically significant difference in tumor stage, chemotherapy, and radiation therapy between negative to weak and moderate to strong TGR5 staining gastric adenocarcinoma. 8 The mechanism of the association of TGR5 with the worse prognosis is complicated and unclear. In EAC, the bile acid taurodeoxycholic acid-induced increase in cell proliferation may depend on activation of the TGR5 receptor through G qα protein and NOX5-S. 11 In addition, activation of TGR5 by bile acid also is related with DCA-induced EGFR, MARK, and STAT3 signaling and cell-cycle progression in gastric, colorectal, and pancreatic ductal adenocarcinoma. 13, 14 These signal pathways through activation of TGR5 may play a role in worse prognosis. Further studies with animal models and clinical trials for TGR5 agonists and antagonists may help to understand the mechanism of TGR5 association of worse prognosis.
The major risks of EAC are associated with age, Caucasian, obesity, and male patients. The ratio of males to females is approximately 7 to 1.
1 Based on our data, TGR5 exhibited a significantly different gender distribution between males and females (67% vs 51%, respectively). The expression of VDR also exhibited a significantly different distribution between males and females (82% vs 50%, respectively, in EAC and 92% vs 57%, respectively, in columnar CM). The distribution of bile acid receptors was significantly increased in male patients with EAC and precancerous lesions. These findings may explain, in part, why males have a higher incidence of EAC compared to females. The underlying mechanism of bile acid receptors and gender differences requires further investigation.
In conclusion, we report that the high expression of TGR5 is associated with worse survival in EAC. Gender differences in TGR5 and VDR expression may explain, in part, why males have a high incidence of EAC compared to females. Our findings indicate that bile acid receptors may play an important role in the early development and prognosis of EAC.
